Introduction {#S1}
============

People's lives are influenced by their experiences. Memory encodes, stores, and allows information to be evoked for future use ([@B2]). The memory of past events begins to develop early in life and changes throughout the preschool and kindergarten years ([@B3]). An example of this is the number of events or items that children can retrieve, the length of that span, and the association of memory representations and processes on external or internal keys for their retrieval ([@B4]; [@B28]).

There are several studies in adults, which emphasize the interaction between memory and emotions ([@B34]). In this sense, emotional events are better remembered than the most trivial ones ([@B16]; [@B61]; [@B10]). For example, a childhood accident is remembered accurately, but dinner a week ago is unlikely to be remembered. However, the direction in which this differential effect occurs is not always clear. Emotions would function as a filter system of selection of events that are going to be stored in memory in a more lasting way ([@B62]). Specifically, emotional memory is the result of storing information that was accompanied by stressful and/or activating factors through which that memory could have been fixed more easily. It is a type of long-term memory about information with emotional valence, positive or negative ([@B5]; [@B34]; [@B31]; [@B69]).

Some studies analyzed the factors involved in the consolidation and retrieval of emotional experiences in children ([@B17]). Specifically, age seems to be an influential factor in these memories because there are marked differences in the amount of information that children remember and the accuracy with which they do it ([@B29]; [@B47]; [@B65]; [@B10]; [@B43]; [@B39]). Because of this, age is a reliable predictor of memory performance, both for emotional ([@B30]) and non-emotional information ([@B18]). For example, children who are 4- and 5-years-old can encode and evoke more specific and integrated emotional information than children who are 3-years-old ([@B30]; [@B11]; [@B71]).

As children develop their linguistic abilities, an increase in their performance in memory tasks occurs, which indicates the importance of verbal language when analyzing changes in memory development. Studies in children of 3- to 5-years old, in which they provided information on events of daily life, found that older children remembered more information than younger ones and used conditional verb tenses in their stories due to the greater development of their language ability ([@B33]; [@B26], [@B27]). In addition to age, the emotions that accompanied the performance during memory tasks can be another modulator. Emotionally significant experiences that occurred during childhood can be retained and remembered for a significant length of time ([@B17]). In the same sense, [@B15] found that the accuracy of memories about emotional information was significantly related to the emotional knowledge of the children, suggesting that this association could not be explained simply by maturation, but individual differences also played an important role in memory processing.

When considering possible individual differences in the emotional appraisal, gender could be considered an intervening factor. There are few studies in children considering this variable. However, in adults there is some consensus in the literature about a greater reactivity of women to negative valence stimuli ([@B38]; [@B9]). Specifically, a greater reactivity of the amygdala was verified before threatening images in women than in men ([@B14]). This reaction was also founded in emotional expression recognition in women with anxiety disorders ([@B56]). In addition, on the assessment of affective images, there is a higher tendency in adult women to value negative images as such than men ([@B9]). In accordance to these results, various physiological factors (such as skin conductance and shock boosted by fear) suggest that girls aged 7 to 10-years are more sensitive to initiate a physiological defensive mobilization than boys ([@B46]), because they also tend to value more negative images as such. Regarding development of the emotional recognition of facial expressions in children from 4 to 9-years old, an effect of gender was identified, with more recognition in the girls' performance ([@B72]). In another study on recognition of expressions of varied intensity in children from 4 to 18-years old the same study also founded that girls recognize facial expressions better than men, especially those of anger and disgust ([@B48]).

In relation to gender, ratings of emotional valence and arousal did not differ significantly as a function of participant gender ([@B17]). Because of that gender differences did not examined in the children's emotional memory ([@B42]). Furthermore, due to gender differences in the socialization of emotion (e.g., [@B12]) and mixed evidence for gender differences in appraisal measured in children (e.g., [@B21]), are necessary to examine gender differences in emotional appraisal and emotional memory expression.

On the other hand, socio-environmental conditions also can modulate the performance of children in learning and memory tasks ([@B60]). For example, [@B70] found that the conversation between mothers and children during a visit to a museum influenced the content of the memories in children of 3-years-old; none of them reported aspects of the visit that had not been discussed. In other study, [@B32] organized three events in the homes of 30-, 36-, and 42-months-old children and recorded mothers and children's conversations during shared activities. The children recalled more of the activities that had been discussed with their mothers compared with those that were only spoken of by the mother or that were not discussed at all. In another study, children's memories of external situations with emotional valence (e.g., natural disasters, abuse episodes), which were usually negative, enhanced their performance during a memory task ([@B32]).

As previously mentioned, negative or positive stimuli are generally processed differently from non-emotional (neutral) stimuli, and they are remembered more clearly over time in adults and children ([@B8]; [@B13]; [@B17]). However, it is not yet clear in what sense the emotional valence of events is associated with memory processing in preschoolers. Emotional appraisal can be defined as the process through which different responses are generated from the same event, based on subjective assessment of events or stimuli ([@B53]; [@B35]; [@B49], [@B50]; [@B51]; [@B23]; [@B58]; [@B66]). People constantly perform emotional assessments of events and stimuli according to what it implies for their own well-being, objectives, and concerns ([@B35]). These appraisal responses are considered the closest psychological determinants of emotions ([@B22]; [@B35]), so these would be one of the results of the assessment ([@B22]; [@B58]).

There is agreement among several researchers that emotions include different components, such as appraisal, the tendency to act or to cope, behavioral actions, physiological changes, and subjective expressions ([@B66]). In this sense, [@B64] proposed a two-dimensional theory of emotion that is composed of appraisal and intensity (valence and arousal) of a stimulus, where various phenomena occurred in each emotional episode (i.e., changes in facial expressions, vocal tone, functioning of the peripheral nervous system, emotional appraisal, behavior, subjective experience, and emotional regulation; [@B66]). The appraisal process would be integrated into emotional knowledge, which also would include aspects such as understanding of emotions, expression of emotions, and the subsequent recovery of that information to be integrated into memories ([@B15]; [@B24]).

However, children and adults may react differently to the same stimulus ([@B20]; [@B63]; [@B53]; [@B23]). This implies, on the one hand, that appraisal is crucial to defining emotional processing and its consequent response rather than the properties of the stimulus itself ([@B23]). On the other hand, this also means that this appraisal would be modulated by individual factors (e.g., age, gender, temperament, development of language skills) and socio-environmental factors (e.g., demographic and economic characteristics of the family context) ([@B20]; [@B25]; [@B53]; [@B71]). Despite the increase in the number of studies that address these issues, there are few that focus on the emotional appraisal of visual stimuli in preschoolers and its association with memory processes ([@B37]).

The aim of this paper is to analyze emotions and memory associations through an emotional memory paradigm in preschoolers. In this study, 4 and 5 years old children from different sociodemographic contexts (favorable or unfavorable) were tested in one task to analyze their processing to visual images with emotional information (negative and positive valences) or non-emotional images (neutral valence). Specifically, we analyzed the role of the emotional appraisal accuracy on the later expression of emotional memory. Additionally, we analyzed whether gender, socio-environmental conditions, and the children's language skills modulated their performances in accuracy appraisal. *Accuracy of appraisal* is the variable that can be considered, which arises as a result of the comparison between the children appraisal and the task appraisal as defined by researchers (valence of each stimulus). According to the literature, it is expected: (a) that age and the memory will be associated, that is, that 5-years-old children will evoke more images than those of 4-years-old ([@B30]; [@B17]); (b) differences in the episodic memory will meet: greater number of images will be recalled for emotional (negative and positive) compared to neutral content ([@B8]; [@B17]); and (c) modulation of the emotional free recall by the emotional appraisal and the socio-environmental conditions at home ([@B22]; [@B35]; [@B60]). With regard to gender (differences between girls and boys) and language skills (low, moderate and high performance) associations with emotional memory performances (based on children's own appraisal, and on task appraisal) will be explored.

Materials and Methods {#S2}
=====================

Participants {#S2.SS1}
------------

A sample of 116 children (56 girls and 60 boys) that were 4 (*n* = 50) or 5 (*n* = 66) years old was conformed. The children were students at one of three kindergartens from the Autonomous City of Buenos Aires: two private schools (*n* = 54) and one public school (*n* = 62). The children included in the sample had no developmental disorders in terms of their perinatal and postnatal health history.

Ethical Considerations {#S2.SS2}
----------------------

Informed consents were obtained from parents/caregivers, and ethical approval was obtained from the Ethical Review Committee of CEMIC (Directorate of Research. Av. Galván 4102, 1st Floor, C1431FWO, Autonomous City of Buenos Aires. Protocol N° 961). The study was conducted according to American Psychological Association ethical standards and international and national children rights laws. Once the authorization was obtained from the school institutions where the activities were carried out, information meetings were organized for parents in which they had the opportunity to interact with the members of the research group, who informed them about the objectives and activities of the study, and then gave them a written information consent with the same content. Consequently, they were invited to participate and to authorize the participation of their children, for which the signing of informed consent for each of the evaluations was a necessary condition.

Tasks and Assessment Procedures {#S2.SS3}
-------------------------------

Two tasks with were administered in this study. The first was emotional memory task with two component.

Component A. *Emotional appraisal*. This component assesses the attribution of emotional expressions to emotional images. The instrument consisted of two sets of stimuli. The first set was composed of 15 images with different valences (five negative, five positive, and five neutral) that was obtained from Development Affective Photographs System to children (DAPS; [@B17]). All the images were in color, they had people (i.e., children, women), animals (i.e., dogs, cockroach), objects (i.e., book, cup), or people performing actions (i.e., children playing with a ball, girl jumping the rope). These images were presented in counterbalanced order on a tablet or on a notebook. The second set consisted of three images (in white and black) with emotional expressions (happy, sad, or neutral faces). Children observed the images of the first set and then had to choose one expression to show how they felt when they saw the images. The three images of the faces appeared on a sheet, which the children had available while they watched each image. Each photograph lasted on the screen until the children chose a face, and decided to move forward with the images, that is, the time varied among the children, but lasted approximately 2 s. The faces with emotional expressions were available all the time for the children to decide which one to choose. The participants did not have a time limit to decide. The choice was made by pointing with one finger, one of the three faces with emotional expressions. Before beginning the task, the participants observed two example images. The variable of interest was children appraisal response to images that had different valences (negative, positive, or neutral). This variable can be defined as the attribution of valence by each child to each visual stimuli with different emotional contents.

Component B. *Emotional memory*. This component consisted of two phases. First, children were asked to evoke immediately (immediate emotional memory) the appraised images of set 1 described above (this variable was obtained to control that children codified the visual information, but it was not incorporated as a variable of interest in the study). Then, after a delay of 7--10 days, children were again request to evoke those images (emotional memory test). The memory test consisted in the evocation of visual information through free recall. Children said words or phrases about images that they observed during the task. The variables of interest were the free recall of negative, positive, or neutral images, which was defined as the number of images of each type evoked after a time interval since the occurrence of the task presentation.

The second task was Navarra's oral language test (PLON; [@B1]) was used to control the relationship between memory capacity and linguistic expression. The sub-scales of understanding, expression, and social knowledge were administered. For 4 years old children, in the understanding sub-scale, a sheet of 10 images was presented and the child was asked to point to six objects, one at a time. For the expression sub-scale, a sheet of seven images was presented and the child was asked to name each one while pointing them out. For the social knowledge sub-scale, children were asked to answer four questions about basic needs (e.g., "What do you do when you are sleepy? What do you do when you are thirsty? What do you do when you got cold?"). For 5 years old children, in the understanding sub-scale, images were presented to the child, and he/she was asked to point to objects by their use (e.g., "Point out something that is good for playing"). In the expressive sub-scale, images were presented and the child was asked what the object was used for. I In the social knowledge sub-scale, three pictures of children performing actions were presented, and children were asked what they were doing. Variables of interest were the scores obtained in each sub-scale, which were categorized according to level into 0 (low: scores equal to zero in the subscales); 1 (moderate: scores 1--5 in the subscales); and 2 (high: scores [\>]{.ul}6 in the subscales).

Tasks were administered in two different sessions of 20--30 min each one. In the first session, the emotional appraisal component was administered. In the second session, the emotional memory component and the PLON task were administered.

Characterization of Living Conditions {#S2.SS4}
-------------------------------------

A Socio-Economic Level questionnaire (NES) was used to obtain child health history, socio-economic, and socio-environmental information on their living conditions at home. This information was obtained from the report of the families in individual interviews with the researchers. This scale was used in previous studies in Argentina ([@B44], [@B45]; [@B68], [@B67]; [@B59]). NES was also used to evaluate parents' education and occupational levels, housing and overcrowding, conditions, and to identify indicators of unsatisfied basic needs (UBN; [@B7]). Scores were assigned directly to mothers and fathers for educational and occupational backgrounds; however, only the higher score was considered for the total scores. For housing conditions, scores were assigned based on type of dwelling, floor, water, bathroom, ceiling, external walls, and home property. Living conditions at home were considered *unfavorable* when at least one of the indicators of UBN was present; if none of these indicators was present, living conditions at home were considered *favorable*. Thus two groups were formed, and the unfavorable condition showed lower scores of the indicators ([Table 1](#T1){ref-type="table"}).

###### 

Mean and standard deviation of education, occupation, housing, and overcrowding scores of living conditions homes.

                            **Favorable (*n* = 32)**   **Unfavorable (*n* = 40)**                       
  ------------------------- -------------------------- ---------------------------- ---- ------ ------- -------
  Education                 11                         5.36                         7    3.12   −6.08   0.000
  Occupation                9                          2.73                         5    2.51   −5.96   0.000
  Housing                   12                         0.00                         10   1.90   −4.80   0.000
  Overcrowding conditions   9                          2.67                         8    2.45   −3.26   0.001

Scores obtained from NES. The sample size is lower than the total sample (

N

= 116), however, no significant differences were found in the cognitive performance (emotional appraisal and emotional memory) of the children who have socio-environmental information, and children who do not (

p

≥ 0.05).

Data Analysis {#S2.SS5}
-------------

First, we performed univariate analyses of the variables of interest, which included the mean, median, standard deviation, standard error, and sample size for each age group. Then, normality and homoscedasticity of the variables were evaluated. When the parametric requirement were not met, trigonometric transformations were applied to the variables, and assumptions were re-tested with the transformed variables. Non-parametric statistics were used, because some assumptions were indicators of UBN not met. The Mann--Whitney *U*-test was used for independent samples that considered the age (4 or 5 years), gender (girls, boys), and living conditions (favorable, unfavorable), and emotional appraisal (children appraisal, task appraisal) as grouping variables. The Kruskal--Wallis test was used when the grouping variable was language skills (low, moderate, high). Descriptive and inferential analyses were conducted using SPSS software (version 15.0).

Results {#S3}
=======

Analysis of Variations of the Emotional Appraisal Responses {#S3.SS1}
-----------------------------------------------------------

Because it was found that the children appraisal did not coincide with the stimuli valences (task appraisal), an analysis was made considering the accuracy appraisal as a variable of interest. We did not found that this variable was previously explored in the literature. In this way, the valences that children attributed to images were compared (children appraisal compared with task appraisal) and an accuracy appraisal was obtained. Accuracy appraisal varied from 0 to 5 in the negative (*Md* = 2), neutral (*Md* = 2), and positive valences (*Md* = 3).

### Age Differences {#S3.SS1.SSS1}

An analysis using the Mann--Whitney *U*-test that compared the accuracy appraisal between ages, showed significant differences between 4- and 5 years olds in the positive (*Z* = −3.14, *p* = 0.002), but not in the negative (*Z* = −1.35, *p* = 0.18) and neutral valences (*Z* = −0.610, *p* = 0.54). The 5 years old children (*M* = 1.74, *SD* = 0.85) were more accurate in the positive valence, compared with the 4 years old children (*M* = 2.27, *SD* = 0.89).

### Differences by Gender, Language Ability, and Living Conditions at Home {#S3.SS1.SSS2}

However, the accuracy appraisal did not vary between children with respect to gender (*p* ≥ 0.05), living conditions at home (*p* ≥ 0.05), or language ability (*p* ≥ 0.05) as variables groups.

According to these results, appraisal accuracy should be incorporated into the analyses of expression memory.

Analysis of Emotional Memory Taking Into Account the Children Appraisal or the Task Appraisal Separately {#S3.SS2}
--------------------------------------------------------------------------------------------------------

According to the results described above, children appraisal and task appraisal were compared in the performance of the emotional memory. A global analysis with the Mann--Whitney *U*-Test indicated that the performance memory was significantly different for the negative images (*Z* = −2.03, *p* = 0.04), but it did not differ for neutral images (*Z* = −1.04, *p* = 0.3) and positive images (*Z* = −0.42, *p* = 0.67). In general, children remember more negative images compared to positive and neutral ones.

### Age Differences {#S3.SS2.SSS1}

Separated analysis were run for each age group to test differences between children appraisal and task appraisal. Results indicated significant differences only in 5 years olds for negative images (*Z* = −2.00, *p* = 0.04), but not for positive or neutral images (*p* ≥ 0.05). Children who were 5 years old recalled more negative images when they were evaluated taking into account their own assessment than when considering the valence of the task. [Figure 1](#F1){ref-type="fig"} shows the emotional accuracy of the age groups (4 and 5 years old) to the emotional valence (positive, neutral and negative). Children evoke of negative images was different when comparing children appraisal with task appraisal. Those differences were not evidenced for positive or neutral images.

![Percentage of negative, neutral, and positive free recall of 4 years old (left) and 5 years old children (right) into account the children appraisal or the task appraisal separately. ^∗^ significant difference relative to negative free recall at *p* = 0.05.](fpsyg-10-02556-g001){#F1}

### Differences by Gender, Language Skills, and Living Conditions at Home {#S3.SS2.SSS2}

When we examined the children's appraisal condition compared with the task appraisal condition as variable group, the Mann--Whitney *U*-Test showed no significant differences in the free recall of negative, neutral, and positive images (*p* ≥ 0.05) for each category of the considered factors (gender, language skills, and living conditions). That is, for boys or girls, from favorable or unfavorable living conditions, and with low, moderate or high language skills, children had similar memories of the three valences regardless of whether we used children appraisal or task appraisal.

Conclusion and General Discussion {#S4}
=================================

The objective of the present study was to analyze emotional and memory associations during the preschool period. We explored differences in those associations considering individual (i.e., age, gender, language skills) and socio-environmental (i.e., living conditions at homes) factors. We found that appraisal in 4-years-old did not coincide with task appraisal, and that children who were 5-years-old showed greater accuracy appraisal. This differential accuracy is presented in the appraisal of positive visual images. However, the accuracy appraisal did not vary with respect to gender, living conditions at home, or language ability.

With respect to the memory test performance (7--10 days after the session 1), results suggest differences in the number of free recall images between 4 and 5 years old children. In particular, older children evoked more images, regardless their valence. When individual and environmental factors were considered in the performance analysis, no differences were identified. Nevertheless, when the accuracy appraisal (children appraisal or task appraisal) was taken into account, differences in performance were identified for negative stimulus. Five-years-old children evoke more images which they had appraised as negative. This pattern of results provides preliminary evidence regarding the need of including appraisal as a specific aspect of processing in the emotional memory study at these ages. It also suggests that different aspects of emotional memory are possible to be evaluated in young children from different socio-environmental contexts.

Several studies have indicated that the emotional processing of images can generate variations in the consolidation of memory ([@B15]; [@B37]; [@B42]). In this sense, those images or events with emotional valences (positive or negative) were remembered more clearly than those with neutral valences ([@B16]; [@B61]; [@B10]; [@B34]). Our study presents a different pattern of results in relation to other studies ([@B42]), in which children evoked images with negative and positive valences in a similar way. One of the differences of the present study is that it analyzes the emotional memory in children with different living conditions, even though the comparisons between the groups of children with favorable and unfavorable conditions were not statistically significant.

Regarding language development and its relation to memory expression, it would be relevant for future studies to analyze vocabulary with and without emotional content in children of these ages, in order to explore whether and how the valences of words are associated with their subsequent.

Higher memory performances of negative visual images when evaluated according to children appraisal may be due to the fact that people usually attribute emotions based on their own emotional states rather than those corresponding to task stimuli ([@B40], [@B41]). It is also possible that due to this information would be better consolidated and evoked. These differences tend to be less pronounced when children are younger and when memory performance is evaluated according to task appraisal. On the other hand, these differences may be because at this stage the emotional categories are not yet consolidated ([@B52]), so that children may exhibit variations in their initial appraisal of the stimuli. There are no studies of children that relate these variables, however, [@B37] studied emotional appraisal of visual stimuli and its relationship with memory processes in adults. They examined how these prominent cognitive and affective components of emotional experience related dynamically to each other in daily life. Their findings revealed insightful patterns of the continuous interplay between core affect and appraisal. That is, appraisals and core affect were not independent properties of emotional experience, but were intricately related in a dynamic interplay that was characterized by congruency between appraisals and valence that suggested a central role in acting and responding to the environment for arousal ([@B37]). Therefore, emotions or moods should not be understood as static phases, but as a dynamic phenomenon that involves components that change and follow each other across time continuously ([@B36]; [@B6]). Based on this reasoning, our study was limited by not including the arousal of visual stimuli. Future studies are proposed to incorporate the evaluation of arousal when analyzing the interaction between emotional appraisal and emotional memory.

On the other hand, appraisal accuracy was surprisingly low for the emotional appraisal task, especially for negative and neutral conditions (performance was around chance level). This brings into question the validity and reliability of this task in assessing emotional appraisal accuracy in 4--5 years olds. This task was used in different studies which reported similar results. However, these findings do not rule out the possibility that these responses are specific to the population that participated in these studies (in all cases, girls and boys residing in Buenos Aires City), and it is possible that cultural factors associated with the expression of these responses could modulate their performance. All of these aspects should be explored in future studies.

The main contribution of our work is the inclusion of the appraisal as an important component to consider in a specific way in the expression of emotional memory of children at this stage of development. The modulation of appraisal on emotional memory opens questions about previous findings in which this component has not been taken in consideration and the implications on the consolidation and retrieval of the memories, especially the negative ones. In this sense, it is important to consider that several studies indicate the prevalence of negative memories during childhood. For example, negative events elicited more false memories than neutral event in a sample of 7-year-old children ([@B57]). In another study, children who developed negative pain memories were more likely to have experienced greater pain intensity and state anxiety during previous painful experiences ([@B55], [@B54]). In a more recent study, emotion influenced the recognition memory of negative scenes in children ([@B43]). Other studies provide evidence for negative emotions effects on memory in the school years ([@B19]; [@B17]). In this sense, the results of the current study also indicate a prevalence of negative memories, however, the performance is greater when evaluating the memories taking into account children's appraisal, compared to task appraisal. Thus, our results emphasize the need to include individual differences in emotional appraisal when analyzing the subsequent performance of children.
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